Few sentinel node (SN) studies in ovarian cancer have been reported, mainly because of the risk of tumor dissemination associated with the injection of tracers into the ovarian cortex. To our knowledge, the injection of tracers into the ovarian ligaments has not been explored. The aim of this study was to determine the feasibility of the SN procedure in ovarian cancer with tracer injection into the ovarian ligaments and to establish whether the procedure is safe for the healthcare workers. Methods: The study included patients who were at high risk of ovarian malignancy. Blue dye and radioactive colloid were injected into the proper ovarian ligament and suspensory ligament of the ovary. To measure professional radiation exposure, ring dose meters were worn by the surgeon, theater nurse, and pathologist during 3 procedures. Results: An SN procedure was performed in 21 patients, and at least 1 SN location was identified in all patients using the γ probe before retroperitoneal exploration. SNs were located in the paraaortic and paracaval regions only in 67% of the patients, in the pelvic region only in 9%, and in both the paraaortic/paracaval and the pelvic regions in 24%. All but 2 SNs were found on the ipsilateral side. In 6 patients who underwent retroperitoneal exploration, 1-4 SNs were identified using the γ probe and resected. Blue-stained SNs were detected in 2 patients. Positive SNs were detected in 1 patient with lymph node metastases. The amount of radiation exposure to the surgeon, theater nurse, and pathologist did not exceed the safe limit. Conclusion: The identification of SNs in all cases suggests that the SN procedure performed by injection of tracers in the ovarian ligaments is feasible and promising. The procedure is safe for the involved personnel. Further investigation is necessary to determine the clinical application of this new technique.
Epi thelial ovarian cancer (EOC) is the leading cause of death among gynecologic malignancies, and the high mortality rate is partially attributed to the fact that up to 75% of patients are diagnosed with advanced-stage EOC. In patients with clinical earlystage EOC, a staging procedure is recommended, which includes a total abdominal hysterectomy with bilateral salpingo-oophorectomy, omentectomy, numerous peritoneal biopsies, and a pelvic and paraaortic lymph node dissection. Although the International Federation of Obstetrics and Gynaecology (FIGO) recommends a complete pelvic and paraaortic lymphadenectomy, the extent of lymph node dissection differs greatly from center to center (1) (2) (3) .
In patients with FIGO stage I-IIa ovarian cancer, adjuvant chemotherapy could be omitted after a comprehensive staging procedure. Adjuvant chemotherapy is obligatory in patients with FIGO stage IIb-IV ovarian cancer. The omission of an adequate lymphadenectomy in clinical early-stage disease results in the underdiagnosis of stage III disease in approximately 10%-20% of patients, leading to the exclusion of adjuvant chemotherapy with curative intent (4, 5) .
Lymphatic metastases of EOC mainly occur in the paraaortic and paracaval lymph nodes, although they can also be found in the pelvic lymph nodes (5) (6) (7) (8) (9) (10) . Tumor cells travel along the lymph vessels that accompany the ovarian artery and vein in the suspensory ligament up to the high paraaortic and paracaval regions. In pelvic lymph node metastasis, tumor cells are likely to move along lymph vessels in the proper ovarian ligament to the parauterine vessels in the broad ligament and further toward the iliac vessels. Therefore, lymph nodes need to be removed from different anatomic regions (the paraaortic and paracaval regions; common, internal, and external iliac vessels; and obturator fossa). The detection of metastases is positively correlated with the number of lymph nodes removed (11, 12) . Complete pelvic and paraaortic lymphadenectomy was shown to result in the detection up to 250 or more lymph nodes (9) . An overall incidence of lymph node metastasis of approximately 14% was reported in clinical early-stage EOC, with a higher incidence in grade III tumors (20%) and in the serous histologic subtype (23%) than in grade I (4%) and mucinous tumors (3%) (5) . Because positive lymph nodes can be missed during lymph node sampling, systematic lymphadenectomy is considered the gold standard. However, this is a radical procedure that is associated with obvious morbidity, including nerve and vessel injury, increased blood loss, increased operating time, and the formation of lymphocysts and lymphedema (10, 12, 13) .
The sentinel node (SN) procedure enables the identification of the first lymph node receiving primary lymphatic flow (the socalled SN). Histopathology results indicate the nodal status of all lymph nodes in a certain anatomic region. The detection of a negative SN suggests that the remaining lymph nodes are not involved. As a consequence, the patient may be spared a radical lymphadenectomy and thus the associated morbidity. The SN technique has been proven effective in vulvar and breast cancer, and SN studies in cervical and uterine cancers are currently under way (14) (15) (16) (17) . For the ovary, SN studies are scarce, partly because of the risk of tumor dissemination associated with the injection of tracers into the ovarian cortex (16) (17) (18) (19) .
In the current study, we examined the effect of tracer injection into the ovarian ligaments instead of the ovarian cortex during the SN procedure.
The objective of this technique was to prevent spillage of cyst fluid and malignant cells and to inject the tracer near the draining lymph vessels in the ovarian ligaments. Moreover, this technique enables the repeated injection of the tracer in the same location, irrespective of the size of the ovarian mass. To the best of our knowledge, the injection of tracers into the ovarian ligaments has not been explored previously. The aim of the present study was to determine the feasibility of the SN procedure performed by the injection of tracers into the ovarian ligaments and to establish whether the procedure is safe for the healthcare workers.
MATERIALS AND METHODS

Patients
Patients diagnosed with a pelvic mass suggestive of a malignant ovarian tumor who were treated in Maastricht University Medical Centre were eligible for inclusion in the study (20) . All patients provided fully informed consent before enrollment in the study, and the protocol was approved by the Local Ethics Committee (approval number NL40323.068.12) (clinical trial registration number NCT01734746). Exclusion criteria were as follows: previous surgery on one or both ovaries; previous vascular surgery of the aorta, caval vein, or iliac vessels; previous lymphadenectomy or lymph node sampling in the iliac or paraaortic region; a history of malignant lymphoma; a history of a malignant tumor in the abdominal cavity; previous allergic reaction to blue dye or human albumin; and pregnant or lactating patients.
SN Procedure
After opening of the abdomen and before removal of the enlarged and suggestive ovary, blue dye and the radioactive isotope were injected on the dorsal and ventral side of the proper ovarian ligament and the suspensory ligament, close to the ovary and just underneath the peritoneum (Fig. 1) . Each of the 4 injections contained 0.2-0.5 mL of blue dye (Blue Patente V, 25 mg/mL; Guerbet Nederland B.V.) and 20 MBq of 99m Tc-labeled albumin nanocolloid with a particle size less than 80 nm ( 99m Tc-nanocolloid or Nanocoll; GE Healthcare). After a 15-min interval, the adnexal mass was removed and sent to the pathologist for the examination of frozen sections, followed by examination of the different lymph node regions for the presence of SNs using a standard 12-mm straight g probe (Node Seeker; Intra Medical Imaging). The location was considered positive if the counts were at least 10-fold higher than the background radiation.
If a benign or borderline ovarian tumor was detected, lymph node dissection was not performed. Nevertheless, in these patients potential SNs were once more localized transperitoneally using the g probe. Six different regions were used to describe the localization of the hot spots with the g probe as follows: upper and lower paraaortic regions separated by the origin of the inferior mesenteric artery, upper and lower paracaval regions, and right and left pelvic regions.
On identification of a malignant mass, the retroperitoneal space was opened, and the SNs were localized with the g probe or visually (blue dye). The surgeon recorded the number and location of the resected SNs, with 12 different regions used to describe their localization as follows: upper and lower paraaortic regions, upper and lower interaortocaval regions, upper and lower paracaval regions, right and left common iliac regions, right and left external iliac regions, and right and left obturator fossa regions. After removal of the SNs, the location from which they were removed was reexamined for the presence of radioactivity. If the radioactivity was less than 10% of that in the initial positive lymph node, no further action was taken. After removal of the SNs, a complete standard staging procedure was performed including a comprehensive sampling of other lymph nodes in the different anatomic locations. The surgeon also recorded the location of the removed non-SNs.
Histopathology
SNs and non-SNs were examined separately. Non-SNs were cut into single sections and stained with hematoxylin and eosin (H&E), according to the standard protocol for lymph node examination. SNs were cut into 2-mm sections for H&E staining. H&E-negative SNs in the first section were further cut into 500-mm sections and analyzed for the presence of micrometastases (,2 mm). At each step, immunohistochemical staining with cytokeratin MNF-116 was performed. Metastases greater than 2 mm, those between 0.2 and 2 mm, and those less than 0.2 mm were considered macrometastases, micrometastases, and isolated tumor cells, respectively.
Sample Size Calculation
A sample size of 20 evaluable patients was considered large enough to determine whether identification of SNs is feasible by injection of tracers into the ovarian ligaments.
Measurement of Radiation Exposure to Personnel
To measure professional radiation exposure, the radiation dose to which the surgeon, theater nurse, and pathologist were exposed during 3 procedures was measured. A ring dose meter, pointed toward the inside of the hand, was worn by these persons at the base of the index finger of the right and left hand during surgery or handling of tissues. Additionally, electronic dose meters were placed on the body at chest level.
RESULTS
Patients' Characteristics
Twenty-two patients were included in the study. The SN procedure was successfully completed in 21 of 22 patients (96%). In 1 patient with a dermoid cyst, the high number of adhesions prevented access to the ovarian ligaments without interfering with the normal anatomy during injection of the tracer. Allergic or adverse reactions did not occur in any of the patients. The SN procedure was performed 7 times on the left side and 14 times on the right side. The final pathology results showed that 7 patients had a benign tumor, 8 had a borderline tumor, and 6 had malignant EOC. All frozen sections were correctly diagnosed and confirmed in the final pathology results. One patient was diagnosed with a primary ovarian tumor and endometrial cancer (grade I endometrioid type tumor with minimal myometrial invasion). On the basis of the staging procedure, intraabdominal tumor metastases were not identified in any of these patients.
Transperitoneal SN Detection with γ Probe After Injection of Tracer
In all patients, at least 1 hot spot could be identified with the g probe within 15 min after injection of the radioactive tracer. Hot spots were found only in the paraaortic and paracaval regions in 67% of the patients, in the pelvic region only in 9%, and in both the paraaortic/paracaval and the pelvic regions in 24% (Table 1) . Eight patients had more than 1 hot spot (2 hot spots in 7 and 4 hot spots in 1 patient). All but 2 of the 31 SN locations were on the ipsilateral side ( Fig. 2A) . Nearly all paraaortic SNs related to the left ovary were situated just below the renal vein and above the level of the inferior mesenteric artery, whereas the paracaval SNs related to the right ovary were lower, being mainly located at the level of the inferior mesenteric artery. Retroperitoneal exploration with lymph node dissection was performed in 6 patients. In 4 of these patients, additional SNs were detected with the g probe at the location of the hot spot during retroperitoneal exploration. Furthermore, after opening the peritoneum, additional SNs were identified in other regions in 3 patients. In all 6 patients, the SNs were clearly identified with the radioactive tracer using the g probe. In 2 patients (patients 1 and 5), the SNs also showed blue staining.
All paraaortic SNs related to the left ovary were situated just below the renal vein. The paracaval SNs related to the right ovary were mainly located at the level of the inferior mesenteric artery.
Histopathology
Eighteen tissue specimens were positive for SNs. In the final histologic examination, more than 1 lymph node was identified in 4 of these tissue specimens (Table 2 ; Fig. 2B ).
In 1 patient (patient 5), metastases were found in the resected SNs. Three of 4 SNs removed contained micrometastases, which were also detected in 1 of the remaining 8 lymph nodes removed.
Radiation Exposure to Personnel
Of 3 procedures performed, only the dose meters at the extremities of the surgeon gave values above background radiation level. The total
DISCUSSION
In the present study, we showed that perioperative injection of tracers into the ovarian ligaments is a feasible method for the detection of SNs. One or more SNs were detected with the g probe in all the patients (n 5 21) who underwent the SN procedure. Hot spots were found isolated in the paraaortic and paracaval regions in most patients (67%), in the pelvic region only in 9%, and in both the paraaortic/paracaval and the pelvic regions in 24%. In all but 2 patients, the SNs were ipsilateral to the injection site. These findings correlate well with the results of a review on the incidence and location of lymph node metastases in clinical stage I-II EOC, in which metastases were found isolated in the paraaortic region in 50% of the patients, in the pelvic region in 20%, and in both the paraaortic and the pelvic region in the remaining 30% (5) .
SN studies in ovarian cancer are scarce. Negishi et al. used injection of an activated charcoal solution into the ovarian capsule to identify SNs and reported the detection of SNs in the paraaortic region in all 11 patients analyzed (overall 18 SNs) and in the pelvic region in 4 patients (overall 4 SNs) (18). Nyberg et al. analyzed 16 patients with high-risk uterine cancer by injecting technetium and blue dye into the right or left ovary and detected 1-3 SNs in 15 of the 16 patients (19) . The SNs (n 5 30) were all located in the paraaortic region. The SNs related to the left ovary were mainly (64%) located above the level of the inferior mesenteric artery, whereas most SNs of the right ovary (94%) were found below the level of the inferior mesenteric artery, which is in agreement with our findings. In both studies, the tracer was injected into the ovary. However, the injection of tracers into the ovary can be difficult when bulky ovarian masses are present. Furthermore, the injection of tracers into the ovarian capsule is associated with a potential risk of tumor dissemination (16, 17) . This probably explains why, hitherto, SN detection in ovarian cancer has not been adopted in clinical practice. The adnexal mass should preferably be removed intact, without rupture. The spillage of malignant cells within the peritoneal cavity will increase the patient's stage. Although the effect on prognosis of preoperative spill still is controversial, current practice by the FIGO guidelines is to avoid spillage (21) . In the present study, tracers were injected in the ovarian ligaments to overcome the risk of tumor dissemination. In only 1 of the 22 patients, we were unable to access the ovarian ligaments because of adhesions potentially caused by leakage of a dermoid cyst and not the size of the tumor. The exact timing for the detection of positive lymph nodes remains undefined. The time period should be long enough to allow the tracers to be transported to the SNs, but an increased lag time requires prolonged general anesthesia and increased costs. Therefore, delaying surgery for a period longer than 15 min was deemed not to be feasible in daily practice. Negishi et al. and Nyberg et al. waited for 10 min and 10-21 min after injection, respectively (18, 19) . Intraoperative SN procedures in the case of cervical and endometrial cancer also use comparable time intervals (16) . In the present study, we used a 15-min interval between injection of the tracers and resection of the adnexal mass, and at least 1 SN was identified in all patients within this period. In the case of an ovarian malignancy, the time between injection of the tracers and detection and resection of the SNs was at least 50 min (including 15 min waiting time after injection, and time spent for removal of the ovarian tumor and frozen section analysis).
As described in the "Results" section, in 4 patients additional SNs within the same region were discovered after the opening of the retroperitoneum, and in 3 patients additional SNs were discovered in other regions. Identifying more lymph nodes during retroperitoneal exploration could be explained by a better and more precise accessibility of the lymph node locations but possibly also because of a longer time interval after injection of the tracer. Indeed, additional work needs to be done to optimize the SN detection technique in ovarian cancer. Items to be determined include the optimal colloid particle sizes, which results in the fastest migration and best retention in SNs. In a study by Glass et al., examining the kinetics of 3 different radioactive agents in cutaneous melanoma, detection at 30 min was more appropriate than late imaging (22) . Paganelli et al., studying breast cancer, showed that the number of SNs detected strongly related to the size of the particle-that is, the smaller the particles, the greater the number of lymph nodes (23) . However, all these data may be organ-dependent, so it is presently unknown if this is also the case in ovarian cancer. Moreover, newly developed hybrid SN detection agents, combining radioactivity with fluorescence or paramagnetic capabilities; alternative operative techniques such as multiphased injection; and new intraoperative imaging technologies may provide additional advantages (24) (25) (26) (27) .
In general, lymphatic mapping involves the injection of a blue dye or a radioactive isotope. SN studies in different primary tumors showed that the detection rate is highest when a radioactive isotope and the blue dye are used in combination (28, 29) . In the present study, blue-stained SNs were identified in only 2 of 6 patients during retroperitoneal exploration. The long interval between the injection of the tracer and retroperitoneal exploration of at least 50 min may have caused the blue dye to fade before the surgical procedure. An SN study in cervical cancer reported the detection of blue-stained lymph nodes after a median time of 7 min after injection, with the lymph nodes remaining blue for a median time of 21 min (30) . In future studies, the utility of the blue dye as a tracer in the case of ovarian cancer should be examined in more detail. A pelvic and paraaortic lymphadenectomy or, at least, comprehensive lymph node sampling in both the pelvic and the paraaortic/ paracaval regions is an essential part of staging in clinical earlystage ovarian cancer. The presence of lymph node metastases is an indication for adjuvant chemotherapy. The main purpose of the SN technique in clinical early-stage ovarian cancer is the reduction of treatment-related morbidity in patients without metastatic lymph nodes while avoiding the risk of missing involved lymph nodes. Approximately 14% of patients with clinical early-stage disease have lymph node metastases (5). As a consequence, 86% of patients are not likely to benefit from a lymphadenectomy, although they are at risk for surgery-related morbidity. Complete pelvic or paraaortal lymphadenectomies are associated with increased peri-and postoperative morbidities, which mainly include lymphocysts and lymphorrhea (10, 12, 13) . Furthermore, the use of SN procedure as a substitute for a lymph node sampling may even be associated with a higher sensitivity for the identification of involved lymph nodes.
The SN procedure is already proven to be accurate and costeffective, related to a marked improvement in postoperative morbidity, in different types of cancer such as breast and vulvar (31) (32) (33) . However, in patients with a complex adnexal mass, the SN procedure should be performed before the diagnosis EOC can be made on the basis of a frozen section. As a consequence, a certain number of patients obtain the SN procedure while having a benign adnexal mass. Therefore, the added costs of SN procedures in patients with a benign ovarian tumor should also be considered. For these patients, the SN procedure does not provide any advantages; however, the risk of complications and side effects of the procedure is low (34) (35) (36) .
The radiation exposure measurements for the surgeon, theater nurse, and pathologist during 3 procedures showed values above background radiation level only for the surgeon. The maximum value, measured at the nondominant hand, was less than 0.1 mSv per procedure. The difference between the dominant hand and the nondominant hand is in accordance with a previous study of de Kanter et al., who examined radiation exposure of personnel during an SN procedure in breast cancer (37) . The difference between the dominant hand and the nondominant hand is caused by the operating technique. The nondominant hand presents the tissue to be removed by the dominant hand, resulting in a shorter distance between nondominant hand and radioactive tissue. The maximum hand dose for nonexposed and exposed workers is 50 and 500 mSv/y, respectively, meaning that no dose limits are exceeded and there is no additional risk for the involved personnel, if the number of procedures remains below 500 procedures/person/y.
The present study has limitations. First, a limited number of patients were included in the analysis, mostly because ovarian cancers are often diagnosed at an advanced stage of the disease. And although SNs were detected in all 21 patients who received the injection of tracers, the high number of benign and borderline ovarian tumors resulted in the resection of lymph nodes in only a small group of patients. In planning the study design, we presumed that in approximately 60% of the patients with a clinical suspicion of ovarian tumor, a frozen section during surgery would be confirmatory. This calculation was based on the accuracy of the risk of malignancy index (sensitivity, 78%; specificity, 87%) and a prevalence of malignancies within our study population of 20% (38) . However, 8 of 14 malignancies were defined as borderline tumors, in which case no lymph nodes are resected as part of the staging procedure. The numbers of cases in this study are too small to reach conclusions regarding false-negative SNs based on histology. Second, the 1 patient with lymph node metastasis had an ovarian and an endometrial tumor. The positive lymph nodes could be related to the synchronous endometrial tumor. Further investigation, including a larger number of patients in a multicenter study, is necessary to determine the clinical application of this innovative technique.
CONCLUSION
In the present study, we showed that the SN procedure performed through the injection of tracers into the ovarian ligaments is feasible and promising. The procedure is safe for the involved personnel. Injection of radioactive tracers resulted in the identification of SNs in all patients, suggesting that the technique could potentially be incorporated into routine clinical practice in patients with early-stage ovarian cancer. The SN procedure could be a cost-effective method to reduce the morbidity and rate of complications associated with complete pelvic and paraaortic lymphadenectomy. Plans for a multicenter prospective trial are currently under way to explore the benefits of the SN technique based on the injection of tracers in the ovarian ligaments in patients with clinical early-stage ovarian cancer.
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